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clrathher. Attempts (1-3) to elucidate the factors which are responsibk for inter-- I 

a d  introindividuuf differences have not bee2 completely succtxsfuf but have pointed 

up the aicast incredible complexity of the fuctors invofved. The cmlypersons who 
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point of d e p r h r e  in dealing either with the onoiysis of etiofqicd factors or tks 

sympbrmtofogy and e f i e c t i v m  of countermeaura. hsscnent of otolith 

function is  in a for Cess sutisfcrctcwy state h that of canat function, a d  assessments 

of combined functions may olto prove to have validity, 

unuarai force environments such as w i l l  be encourttsred in space f:i;ht. 

f-ifGi-i G FCRCES 

Durina hunch, re-entry, and cn ixpact the cstroaaut is  subiected to hi& level 

finear G fwces, The fact h t  following sit-wtation trials on a centrifuge and ex,ncsure 

to high G forces on other occasions, some sutjeck mcrnifestd vertigo and ataxia 

su~igests that these levsk of force might h injurious. At present two fines of 

it?vestig&an are being pmued: first, Q foilow-up study of ~.crsons with o histcry of. 

exrpsur~_ to hi& fevol G force and seccnd, a systemtic investigaiiun involving 

the exposure cjf primtet to graded levels of grovitcjoinortial force foilovzcd by 

I 

1 study, has not reached a p i n t  in his investigation where a rep& CG~I &e mode. ‘The 

inconplete. Recently, S p n d l i n ,  Schuicnecht, cnd G-raybiei (4) have r e p r t d  ~ f i  1 I 
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*Weightlessness i s  arbitrarily defined as any subgravity lev4 below G units. 
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whereas even i f  the otdiths were stindated by head mvements, the force vector VJWM 

not pint, with rare exception, in the dirsction of the visual uprisht. hkmover, 

rlisht negdive (headward) accelerations would tend to cause the "invtniorr illusion." 

In the light of these constdmtions, it is  wort.hwbiIe to review very briefly the 

observa?tlons which have been mods d e n  wubjec)s hwe been e x p s d  to weightlessness 

In paboi ic  (5-12) CBJd orbital fiighr (13-18) . 
The findings in pcuc5olic fli& m t  be i n t e r p i e d  with caution incsn;uch csz tho 

wefghtless p k  not only is brief bot is preceded and fo~fovred by a maneuver &ich 

e x p ~ c s  the sub@cts to modecQte G loding, a d ,  in a typicd flight, these trmsitbrn 

occur reptediy .  On the other h a d ,  sane cidvank~gc is gained hy tho fact that these 

interpretations are k e d  osi relatively fags n u m b  of subjects with varying 

ursceptibiiity to airsickiless who have been t ~ t d  vndcr restrained a d  %ee 

ffuating" conditions. A I t h o d  clctre than half of the subjects who have pdicipotsd 

in purabotic fiight wprimced cfefiniie symptom of dnickness, only a few pilots 

without a history of airsickness were found to be susceptible, In generai, subjects 

when socurd in a seat were Iers iikeiy to experience sppta ;~s  than when free 

floating. Subiects with bilateral loss of labyrinthine function did not experience 

airsickness. The conclusion was teuched that i f  weightlessness i s  a factor in 

precipitathg symptom of motion sickraess in parobotic flight, it is not Q strong factor. 
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h e  of the American atronauk and only Titov among the Russian COT. a rixlcurtt 

experienced symptoms churactwistic of vestibufar sickness in orbital flight. if 

wei&tlessnes wos the significant factor causing Tibv's symptoms, then vesfjbulclr 

sickntvs 

susceptibility among a group of test pilots. li the voblern exists, it mi& b= Jesenecf 

with more attention to selection and trainina, but this might be ofiset, in pcrt  at 

bast, by he fact that, as spuceauft becorns larger, the freedom of mvement of he 

as~unuuts will be greater, thus tessenfng their contoct cues with the physical 

Bnvironncnt. Nmeovst, refection problems will be grecrter h e n  catroncwtr are 

chosen from goups other than experienced pi io&. 

a +lem even if this was related to a greater than average 

Weightlessness not only poses problems but also, insofar us it  causes physiological 

deafferentation of the gmireceptaa, i t  affords a unique and, in man, the only 

opportunity to cany out certain types of investigatims. '.kith tSe transition into 

woighttessneu, the otoiith orgcrns are douffermtcd by a procedure which in on 

experimental laboratory would be t d  ele~ont. This state of deafferentation wiii 

remain until movements of the head generate inertla1 forccss abve  the threshold 

level; this 4 io avoid heud rnovemfs which would generate an effective stimulus 

is a tFwbfesome Limitation. 

receptors also acts as an experimental constraint. It is possible, however, to 

Sfmultmeous &offerentation of the m i o l i t h  gravi- 
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stimulate ncrnstofith gravireceptors tt Q irnited degree without iT)(3virtg tka subject's 

hwd and t h o  investigate the idspendent roie of these rc=-cepPcis to perception of 

the upright and to spoce perception as revealed by egocentric v i m 1  Iocalizcrtion 

of the "horizontal-" We very much need to team the independent roles of otoltth 

csncl nonotol3th factors and their compfemntary functions, 

The inability udeqwtely to sirnulate weightlessness under terrastrid conditions 

poses Q problem in attempting ta predict the susceptlbility of an ~troncrut to 

functional disturbances of vestibular origin in weightlesmess, (3no ca??rwd! i s  

Lssed on the argument 

persons will  experience motion sicauisu as Q result of unusual pattern of Gffsrent 

in the absence of stimulation to the semicircular cumIs, 

impfser in weightlessness constitutes o m  unuswl pcttem, and ot,kr pttarns m y  

be astoclated with movemanis of the hwd (body) in a weightless spacecroft- 

?he obsenmtiorts of Vienclt (19-25) 0.d others (24) that motion sickmss i s  

precipitated by e x p u r e  to rectilinear accelemt;oils which do not st;nvlote tab 

cards supparts this argument w i t f h t ,  however, specifically ascribing h e  vation 

sick- to the otdiihs. Some brvut ions of Graybid and Johnson (25) utilizing 

a cwnterrotati,ng morn exteded Wendi's cbservations in one regard, namely, that 

persons who had lost all or neorly a11 of the function of the otolith apparatus failed 

to experience motion sickness while nomi subjects mnifested wrying degrees of 

susceptibiilty, in other words, stimulatlon of mnotolith gravireceptors wus an 
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inadequate precipitating factor althouGh the rubiects with iabyrinhine cpzd hewing 

ios, experienced very much rhg same portural illusions as did the nomrai subjects, 

Mi Ie this expen'mc foiled to toke into account the role of past conditioning and 

the possibte rob of the "prestmce of the c ~ n c l b , ~  i t  offerr the OppOCtUnity to compare 

the ffntiqjs In UICh an ernriconment w i h  the finding, in weightlessness, Final 

vaiidation must of course await experience and experitraentation aloft. 

Additionai experiments in weightlessness whicb should be carried out include: 

1) the effect of d d f m t a t i o n  on rhe resting potential of the rscepton in the 

macula cmd rc#=culus; 2) the effect of the resting dischurse, i f  present, on such 

indicoton o ~nuscltr tonus orad 0cuIm stability; 3) the miation between subgravity 

Isvel d otolith function QS revmied 

mechcrniunr under static a d  dynamk conditions; 4) the effects of polongd 

deafferentation on he sensory receptors in cmimals as revealed by rnicrotco2y and 

on the function of the otoliths in mon as revealed by a specific indicator, and 

s) the effects of deufferentation on the funciionol organization of he central MNWS 

system Q revealed either by apecific neurovegetative phmomeno 4t their rccondary 

effects. 

counterrolling (25) or 0 t h  indtcctor 

Weightlessness also provides an opportunity to carry out investigations on the 

sernlcfrculot canals. Vie w i d  like to know the effect of dwfferentation of h e  

otoliths on 1) the resting didcpse of the seruory receptors in the crista, 2) the 
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stfrnulw thresholds to angular and Coriolis accelerations ond thermal stimulation, 

ond 3) the m i b i l i t y  to iilusory and ohw functional disturbances having thair 

-is mainly In the semicircular canals. A few wch s t d i e s  have been reported 

(9, 27-32), ond it i t  a area UndeK active ~nves t igd~on.  

ARTIFICtAt GRAVITY 

The questfori whether astronauts cun tolerats exposure to weightlessness o v a  

long periods of time has not been answered and, in he absence of sufficient factuaJ 

information, i t  has given rise to speculation d controveny. A weightless 

environment cat best will p v e  wearisome a d  messy in cmying out ordinary activities 

of life and may, despite cowrtemmsur~, leod to unacceptable loss of fitness. 

Russian scientists (33) have stated that, In the light of their experimental findings, 

exposing to weightlessness For more than one week may not be without risk and 

that an upp” limit of hvo weeks would represent. a teasonrrble increment above 

previous expourre per~odr. Ihe incremnfal approach with man wili prwide the 

factual informution rse& to determine whether rigniflcunt functional disturbances 

appecu, md very long expadure periods for collmalr will provide cKicnitiwra1 infomsotion 

on alteratlono of both a functional and pathotogical nature. Mmwhile,  In the 

event artificial gravity i s  needed, experiments are underway to determine how nu& 

artificlai gravity i s  necessary to preserve fitness ad, if this i s  acconpiished t y  

rotating the spoceuaft, what countermeclsures ore needed to prevent the unwmtod 

side effects. t”:e wilt h e  coniine our attention tu the latter problem inasmuch as 
i 
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these side effects not oniy me a limlting factor in he design of rotcrting s-ctft 

but also these side effects have their genesis mainly In the semicircular conah. 

In Q rotating erwirwunent movement of the head in any direction or &ut any 

a d s  not parallel to tho axis of mtatlon wil l  generate, respectively, Griolir and 

gyroscopic acceier&'ons. The iutter produces Q gymsc~pic torque which, through 

cms-coupling, i s  an effective &st unusual stfmuluc to tAe serniclrcuiar canafr. Ihe 

M m  nutwe of this stimulus mcry cause visual. d postufai illusions aid if the 

stimulus fr wfficimtly strong 01 the pecswt sufficiently susceptible, severe functional 

dlsturbcmcet. How much of he discrder is due to the stimoius per se and how much 

to other associated foctom i s  not eadiy detemtlned 8 but he euentialify of he Cmak 

for nearly dl of ihe disw;bcmcer is  readily shown. For h i s  reason h e  twm anal 

sic&ness ha been proposed as a convenient m e ~ n t  of distlngufshing this type of 

motlon ddcnezt. 

- 

The otolith orgont, and rwnotoiith gravirecepton us weli, care stimulated by the 

vector sum of gmvftatioMII, centripetui, and Coriolis forces. Near the axis of 

rotation t)re last two fonzes are small, but at lncreusing t d t ,  for the same angular 

velocity, they become Inmasin& great. The ctrcrngtng v~lluer with bodily mo~me.nts 

d at diffwmt posttiom witfa reference to the force environment will have a 

sfgnificant Influence independently of the effects on the semicircular canals (34,35), 

but this Influence is  relathdy small. 



There are important differences between the force environment in a rotating 

spacecraft in orbital fti&t and a rotating room on earth8 unci certain effects of 

these differences are exaggerated as a result of m ' s  dentaiiw in h e  yavito- 

inertral force mvimmt.  Aloft, the cJriificio1 gruvfty will & g a m e d  by 

rotation of t)re spcrcecraf, cprd represented by the centripetal force with the vector 

at right angles to tho axis of rotation. The mogdtude of the force will, in all 

likelihood, be less than 1.0 G unit,& least in the mfirst-genercstionn spacecraft. 

h s ,  the csttonclut will live in a subgravity force environment, und his natwal 

poaition, with respect to the gruvitoinertial qxight, wilt fw at right angles to the 

axis of rotation with head toward he center. With o short radius of rototion there wwid 

be a significant gradlent in level of force between he& and foot, and bodily mwe- 

ments along a radius not only wwld change the tevei of centripfa1 force but also 

might ~metatcl a significant Gn'olis farce. At relatively long radii Qod correspundingly 

dower cmgulcp velocities, char~es in centn'petal cold Coriolis force m t d  have rather 

small rig4flcance, but wal&ing clockwtse or counterclockwise might affect 

signlficontiy the effedvcl cqdcr velocity. On rotating he head In- direction 

while upright, fie astronau) -Id generate o gyroscopic acce1etOtton cawing the 

conah to be stimulated in m unusual mQNKKi only if -h;t rotated his head about the 
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long a i s  of his body while lying parallel to he axis of he spocecruft would he 

ovoid t)ao unurwl stimulus to the caw&. 

In the foborcaory the subject in a rotating room lives In a supergravity 

dnvimment, QKJ tk dfmction of the gravltoinerttal vert14  1s mdnly determined 

fq+ the direction of gravity unies undeu'rabfy large centripetal forces are generated. 

k a r  the center cf rotation his naturul pit ion is nearly upright. tkhen the subject's 

head I s  p a d e l  to th8 wlr of rotation and he rotates his he& crbout tho long axis 

of his body, gyrosEoplc accetsrcrtims are - not gmerated; they will be generuied of 

if the head is  rototed &ut m y  other axis. To simrriate mre ciosely 

d i  tiom aloft the urbfoct should be contttofned i o  " l h  ond work" Ai le supported 

en uit bearings -01 he center of rotation. 

A number of studies (36-38) have been repotted in which subjects have h e n  

exposed in o rotating environment d e r  different conditions and for p e r i d  v q i n g  

from minutes to days at velocities varying fracn 1 .O to 10.0 RPM. 

At a caastont angular velocity, the experimental subject may not perceive 

tho, he is rotating. The mo.n appears to be stationary and the wulb upright. Ca 

moving the heud n o d  wbiecis sxpariance syymgtoim, the severlty of which i s  Q 

function of tb angular vekdty of tb morn, 0 t h  facton remining the same. One 

i s  struck with tho dispctrlfy between he small magnitude of tha forces and the p a t  

revedty of symptom w)i ch tha subject may experience. Wed near the center of 
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the room, he is  Icotcefy QWQTB of the snd1 centripetal f o w  and with the 

h d  a d 4  h8 8s ~ f o r t a b f e o  

Very briefly I will summarize some of the results; of our investigations which 

fmvo been Conled out by a rwmber of investigators working in our laborcrtoly. 

These fall into two awes, brlsf wpofures In the Stow Rotatiun Room (SruZ) to 

estimate susceptibility to illusions and urn01 sickness and prolonged exposure to study 

summation a d  cadoptation effects. 

Erief Exposwes. Systematic observations have bsen moil0 on ncmnat subjects either 

for t)M purpose of measuring susceptibility to canal s i c k  or for the study of nme 

speclficolly evoked responses. MAth re& to the fumer, a so-called did test (39) 

i s  used to standardize the stress to which a subiect is  exposed. Five dials are so placed 

in tatatiar to the wbjec) hat, k set the needle at a given number on each diol, he 

is required to move his head and trunk to five different extreme positions which 

mcrxindzes the gyroscopic stimulus to the canals. A sequence consists in setting the 

five dfak, one every dx seconds, fof lowd by a six-second rest perbd. The initial 

velocity of rototfon It 7.5 RPM, and the subject continues 

definite symptom appear ot until 20 rsquencei or 100 settiw have been made. Then 

if  7.5 RPM i s  b o  stressful, the velocity i s  reduced, or i f  loo weak, the velocity may 

be increased stepwire up to 20 RPM. kith rare exceptions, noma1 penons uper ience  

he task until either 

definite symptums at zome velociiy between 5.0 and a0.O RPM. %ere i t 4  usually, 

13 
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a progressive increase in number and severity of symptom in the perrotation period, 

but exceptionaily an rdtial lncreore is followed by a decline or even a dis- 

appomnce, indicating coexisting effects of temporal sumt ion  and adaptation. 

bltowfng cersotbn of rototi0n# symptom in the majority of subjects disappecrr witbin 

a short time. In a lpndomly selected group of subjects a large rmjority w i l l  

experrence tbe typical symptoms of motion s i b  including the cwuseu sydrome, 

drowsiness, pallor, and cdd sweating. In some, the symptans are more ckaracteristic 

of anxiety or psychoneurosis and are further ckmckrizcd by Q discrGqxmcy between 

t b  subjective and objective fymptomtofogy. 

Susceptibility to motion sickness as measured by the dial test is a fcirly good pre- 

diction of susceptibility to symptom in other force environments and to prolonged 

exposure in the SRR. The dial test Is being used In the evahation of anti-motion sicknos 

drugs. The procedure utilizer the dcwble b f t d  te&rZqiie, the introduction of placebos 

at intends to determine shifts in buseline susceptibility os a result of hobititcrtion, 

and a symmetric motrix for convenience in statistical amlysjs. These studies cre 

being carried out under the direction of Profeswt Wood, and his reports wil l  soon be 

available. it would appear that the procedure has quite good dicibility, but its 

validity in term of application t0 other force snv~ronm@nk remains to be determined. 

Inertmuch as susceptibility in the SRR i s  a b k f y  good p d l c t o r  of susceptibility to syrqtotons in 

14 



different fcscu envimmantr explored thw far, them i s  a reasonable expectation 

that we have PI useful +we for the evaiuation of anti-moth t i c k  dwgs 

under labumtwy d t f o n s ,  Including good controt of sirqtit of he gyroscopic 

stiMu1ur. 

A number ob wbjectr have been tested with varying degrees of loas o-f function 

of the sansory oqpm of the inner ears. fn a group of deaf subjects with bilateral 

decrease or loss of canal functh crnd either p d a l  or complete loss of otolith 

function, nono manifestad 1ympr0mr of motion cicknsss. Four subiects with a history 

of successfui tredmunt Os Meniere's diseQe with streptomycfn sulphate ten yean 

prevlwrly did Wpsttence symptoms of canal rlcl<nesr. All had sll@ to d e r a t e  

loss of c u d  fumtlan in one oc both ears, but the fundion of the otoliths as revealed 

&y the oounterrolling test was within normal limits in one, slightly decreased in one, 

and moderatdy dsuecrred in &e other two. Even m e  revmliq were the observcrtions 

in a few subjects wiih rrannol hearing and otolith fundon but siight decrease in 

can01 functiorr wtro wsra either insuscepttibfe to canal sickness or experienced minimal 

syrnpbns. At p ~ ,  we am trying to establish whcrt level of loss of canal function 

u f f d  piedim in the SW and whether ihis same degree of protection i s  observed 

in other force Cwwsronmentt, t#pecially t h e  in which the canals QTS not stirnulad. 

It is cowenlent at this ploce to mention briefly the results of exp@rtmenir on 

rquinel monkey, selected on the basis of hf& sPKceptiMlity to canal sickness. Doctors 

Johnson and Money, cotlaboratom from the Canadian Defence ibseurch &boratories, 



have bund that, In s q u i d  Rlonkeyf, unilateral destruction of the labyrinth 

abolirhes canal dclurerr only temporarily but that occluding two ducts bilaterally 

abolishes dl Ickness pmamntty.  At the svggestion of Professor Schuknecht we 

have attempted to Clbol i i  canclt Jckness by administering streptomycin sulphate, 

Dr. Mcisod hca fibund thot there is  only a mol1 rung0 of dosage between 

ineffecthness, ot one exfmne# and compiete loss of fuunctbn at the other. 

Nithin thio r q e  w8 hove succeedd in raising the threshold to ccrloric stimulation 

temporarily during which period owceptlbltity to sidcness was &creme$ or abiirhed, 

I t  1s espedaily notewarthy that ataxia WELI absent dudng thio period In some of the 

onfmatr. 

Rolcqed Expure .  Prohged midon in the SRR affords the oppottunIty of studying 

the complete symprOrn&ology eXperienced by subjects botb during and after rotation 

d the effects of hew symptoaro on thuir patfom~nce. 

fn general, tha hlg)tff h wM8 h moTe W8te h)re SyZ8@08llS d he d0WW thQ 

adaptation If indtvldwl ursceptibtlity i s  t h  tnio account, Nsiny additionat but 

mootly minor factus must be corsichd, however. At 1 .O RPM wen hi&ly 

susceptible subjects w8n symphm free# or nearly so. At 3.0 RPM subjech of avercge 

susceptibility were not significantly handicapped. At 5.4 RPM sublectt with low 

rurceptibitity psrforrned weii cnd by ihe second day were oImost free from rympt~m~, 

The only subject who dtd not adapt rotirf~ctorily complained of symptoms characteristic 
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